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PREFACE 


This report was prepared by the U.S. Department of Energy, 
Bartlesville Energy Technology Center, for the U.S. Department of 
Transportation, Transportation Systems Center, Energy Technology 
Branch, Cambridge, MA. Presented are results of experimental work to 
obtain information on performance characteristics of an engine used in 
automobiles and light trucks sold in the United States. The Ford 300 CID 
truck engine used in this work is one of a series of 15 engines to be 
presented in the current program. This is the ninth of the reports to be 
published covering work with those engines. 


This project is funded by the National Highway Traffic Safety 
Administration, Office of Research and Development, Office of Pas- 
senger Vehicle Research, Technology Assessment Division. 


James A. Kidd, Jr. and Ralph G. Colello of the U.S. Department of 
Transportation, Transportation Systems Center, are the technical 
monitors. 
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1. INTRODUCTION 


The objective of this program is to obtain engine performance data 
for estimating fuel economy and emissions for varied engine service and 
duty. The intent of the work done at the Bartlesville Engine Technology 
Center is to provide basic engine characteristic data required as input 
for engineering calculations of fuel consumption and emissions involving 
ground transportation. 


The data acquired from tests of a 1978 Ford 300 CID truck are pre- 
sented in this report. The engine, as equipped, is intended for use in 
a forty-nine state (Federal) pickup or van with automatic transmission. 
Ford uses the 300 CID truck engine in pickups and vans in the 4,000 to 
4,500 1b weight class. The test results are sufficient to establish 
steady-state maps for fuel consumption and emissions (carbon monoxide, 
unburned hydrocarbon, and oxides of nitrogen) over the entire operating 
range of the engine. 


2. ENGINE TEST REPORT 


The engine test setup included a complete mean-tolerance engine (SAE 
definition) coupled to an eddy-current dynamometer. A cooling tower was. 
used in place of the fan and radiator. The alternator was included but was 
not wired into the engine's electrical system. Emission control systems 
included exhaust-gas-recirculation (EGR), positive crankcase ventilation, 
pulse air system, and an oxidation catalyst. The manufacturer's engine 
Specifications are listed in Table 1. 


Prior to testing, engine break-in consisted of 40 hours of operation 
at various speeds and loads representative of normal engine operation. 
Table 2 contains details of the break-in schedule. A single batch of 
unleaded regular grade gasoline was used throughout the break-in and 
tests; a detailed fuel analysis is given in Table 3. Engine tests began 
on July 10, 1978, and ended on July 18, 1978. During steady-state tests 
the engine was operated at the following speed/load modes: 


Speeds: 1,000; 1,200; 1,400; 1,600; 2,000; 2,400; 2,800; 
3,200 rpm 


Loads: 0, 10, 25, 40, 60, 75, 90, 100 pct of full load 
(0, 10, 25, 60, and 75 pct points were repeated 
for all engine speeds) 


Idle speed/load modes: 800 rpm -- 0, 10, 15 lb-ft 
550. rp -= 32 Jb-ft 


Over-speed mode: 3,400 rpm -- 177 lb-ft (WOT) 


Total *hiimber- of test. modes... 2...5.0420020540eus eos 69 
Tota): number Ob VEpealsisncuhwchs coceld as Sedtiued oid. c 44 
Total. NUMber OF LESUSiia. cs nc. sander vones Asien Tis 


The following data were recorded for each test point: 


Test number 

Data source code (1 = before catalyst, 2 = after catalyst) 
Date 

Barometric pressure, mm Hg 

Wet bulb temperature, °F 

Dry bulb temperature, °F 

Inlet air temperature, °F 


Speed, rpm 
Torque, lb-ft -- Daytronic strain gauge load cell 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flow meter 


Ignition timing, °BTC 

Manifold vacuum, in. Hg 

Throttle angle, degrees 

CO, pct -- Beckman NDIR 

C02, pct -- Beckman NDIR 

O02, pct -- Beckman polarographic detector 

HC, ppmC -- Custom-built heated flame ionization detector 


2 


NOx, ppm -- Thermo-Electron chemiluminescent detector 
Oil temperature, ° 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H20 

Intake manifold temperature, °F 


The following equations were used in calculating power, air-fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NOx): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury): 


P= exp {18.717 - ar 


where D = Dew point, °F 


2. Absolute humidity (grains moisture per pound dry air): 


y = 4347.8(P) 
EMAL 


where B = Barometric pressure, mm Hg 


3. Humidity correction factor (dimensionless): 
Ky = 1 | 
y= — 

1 - 0.0047(H - 75) 


Note: This factor is used to correct the NOx mass emission 
rate to a standard humidity of 75 grains moisture 
per pound dry air. 


4. Hydrogen concentration in raw exhaust (percent): 
Ho = x(CO) A —- 


where CO = Carbon monoxide concentration (percent) 
O2 = Carbon dioxide concentration (percent) 


Note: This equation assumes a water-gas shift equilibrium 


constant 


(CO)(He0) 
2 2 


Correction factor for emission concentrations from wet 
basis to dry basis (dimensionless): 


¢=1+ (x/2)(CO + COz) - Hy 


Note: In these tests only HC is measured on a wet basis. 


All other species are measured on a dry basis. 


Air-fuel ratio (dimensionless): 


AF = tH, 


x x NOx 
_ 68.9994 2 + 5 ~ y)(CO) + (2 + 5 - y)(CO2) + 2(02) + Joa - . 
CO + C02 ra § (HC/107) ; 


W 


where 0» = Oxygen concentration (percent) 
NOx = Oxides of nitrogen (ppm) 
HC = Unburned hydrocarbon concentration (ppmC) 
x = Fuel hydrogen/carbon atomic ratio 
y = Fuel oxygen/carbon atomic ratio 
MW eve] = Fuel molecular weight per carbon atom 


12, 01115: + 1. 0079/x. +-15..9994y 


Carbon monoxide mass emission rate (grams per hour): 


MWe %C0 (Mr) ( 
Man = Wi G53.59237 
“o fuel ni he ney ea 


MW 
Me 
“HC 


co = Molecular weight of CO (28.01055) 
Fuel rate in 1b/hour 
HC(ppm)/104 


W 


Unburned hydrocarbon mass emission rate (grams per hour): 
Pies Lac (sic i (S, 453.59237 
HC MWe 0] oY + ALY. + 0 ; 


MWe 


12°024105 +.1.00797xo% 15. 9994y. 
4 


Molecular weight of hydrocarbon per carbon atom 


10. 


Oxides of nitrogen mass emission rate (grams per hour): 


MW ANOx + M 
"Nox. * he perc Le (453.9237) (4) 


W 


Molecular weight of NO» = 46.0055 
NOx(ppm)/104 


MWoy 
*NOY 


Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


HP = N (T) 736 .6 , {t_+ 460 
5252.113 B-P 545 


where N = Engine speed (revolutions per minute) 
T = Brake torque (1b-ft) 
t = Air temperature (°F) 


3. DISCUSSION:OF TEST RESULTS 


Maximum corrected brake horsepower, maximum torque, and brake specific 
fuel consumption (bsfc) are plotted as a function of engine speed at 
wide-open-throttle (WOT) in Figure 1. The maximum brake horsepower and 
the maximum torque produced by the engine were similar to the values 
quoted in Table 1 and were found at the specified speeds. Minimum bsfc 
and maximum torque occurred at the same speed/load mode indicating a high 
efficiency mode. 


Fuel rates were found to be nearly a linear function of power for 
most engine speeds (Figure 2) and were repeatable for all speeds duplicated. 
The calculated air-fuel ratios were slighly higher than the actual 
stoichiometry in the combustion chamber due to the injection of air into 
the exhaust manifold by the pulse air system (Figure 3)’. The air-fuel 
ratios were repeatable for all speeds duplicated. 


Emissions of CO, HC, and NOy are plotted as a function of power for 
all engine speeds (Figures 4 thru 6). The oxidation catalyst effectively 
reduced emissions of CO and HC at all engine speeds except those at which 
the air-fuel ratios were relatively low. The low air-fuel ratios and the 
high emission levels of CO and HC, at these modes, indicate a lack of avail- 
able oxygen to support the oxidation process, thus reducing the effective- 
ness of the catalyst. The emissions of NOy tended to increase with load 
up to 40 percent of full load, decrease at 60 percent, and then increase from 
60 to 100 percent. The change in the amount of NOx produced by the engine is 
affected by the air-fuel ratio and the exhaust-gas-recirculation (EGR) rate. © 
For speeds from 1,000 to 2,000 rpm, the EGR rate increased with load up to 
approximately 60 percent of full load; thereafter it decreased. For speeds 
from 2,400 to 3,200 rpm the EGR rate was maximum at zero load and continued to 
decrease aS power output increased. The air-fuel ratios at the 0 to 40 per- 
cent load modes for all speeds are belived to be slightly lean of stoichio- 
metric. Operation of air-fuel ratios slightly lean of stoichiometric 
typically produce high concentrations of NO,. Emission characteristics of 
this engine are typical for a spark-ignition engine. 


4. CONCLUSIONS 


The experimental work to obtain performance data for the Ford 300-CID 
truck engine has been completed; these data are presented in the tables 
accompanying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacements cubic: INCHES soni5s oe aco w ercree acta esl 300 
Maximum horsepower, bhp @ 3,200 rpm.............. 120 
Maximum torque, Tb=ft:' @- 1,600>rpm..2... 6 eee. 252 
BORE andSiEVOKE)s.. MEMES .2cccsians cteleee tare ater’ cusnetensienene M00 x 3298 
CONF UGUNAT UOM esa. Perce a esaransese aodaie aicieccthereetes ois So sns overhead valve, 
inline 6-cylinder 
CONDKESSAON:. PAUIOn soc bs eee cds Geek wadaes cas eon 8.9 to | 
Fae TMG NON GGY  srsd a ciarers Aas ened Sim Sire ws aia a aro ce oe eras 1-5-3-6-2-4 
[gni'tron. timing at. ide speed, °.@ 550 rpms... 10 
BiPOCK MAES VP lias: ticarsl cx or chsrantuntend cial ios ipa ewig She Sees cast iron 
HEC: Mae rial elds isis Goer sugaiee.< Sucteriteus sean ene Gems ee cast iron 
Number of crankshaft main bearings............... i 
Number of compression rings/piston............... 2 
Number Of Of] rinaS/PiSTOM i <giesscdwudew eee cee ees ] 
CaMmGVine UV PC. .isues oc gos d wdalegese wea.aw save aerate gear drive 
Valve lift: 
LtdKe:s WNCNES cine ecads sos staeawe bepaes ys 0.404 
EXMAUS Gs “INCHES was-o'elea.c oe. deers awe eee 6 0.406 
Valve timing: 
intake Opens,” BC inns fas wndiatse nw eae auras 18 
Intake ec tOSESs 7 ABC ..canl o as auleiela sn ee bn ed 70 
ExheulSt- ODONS =: “BBC.camene wales deere se pase has 58 
ExitausSe ‘closese: # ACs: Scarce auaornieod ewes 30 
Spark: plug “Gaus. ANCNES soc os ase sh we ee Siete Brees chem anes 0.044 
ENGINE WETGNE. IDSccge cam cre Moone sccecht«oseseers 540 
Exhaust-gas-recirculation system: 
MOINES EMBO ia vc kciene ob eters ara ineier ors Geen ate cals integral transducer 
backpressure 
COMEVO |. SHON eres.c5.5:5 re Soe a am ee are ese area ees ported vacuum 
POU. OF GIS CNavOG nc ca nuuss cvswamwe ean ieee intake mani fold 
Crankcase emission control: 
Control METHOd.S 2 ace otek as chee Sassen een e ses positive crankcase 
ventilation 
POE OT GtSCharde.c..tcss asso ou cee ous ahaa: baseplate of carburetor 
CarDUrecOe tV0Gs ssc. oe ber taae ae Ose cane Sere eee 1V downdraft 


Distributor specifications :* 
Centrifugal advance, begins, ° @ 450 rpm.... 0 
Centrifugal advance, intermediate, 


© 0" DUO HOM sae gzne's were ca Bir ee ose stk ares aeare e 14 
Centrifugal advance, full, ° @ 1,525 rpm.... 20 
Vacuum advance, begins, ° @ 8 in. Hg........ 0 
Vacuum advance, maximum, ° @ 21 in. Hg...... 5 
Carburetor NUNDOM. «024 neecns ern cookin sauusan ees D8TE-BWA-G-8-B-22 
DUSK TMUEO NUMBER: iis neste oe cee ec Sess csaw ean de DS 2417 


*Distributor rpm, crankshaft degrees, wide-open-throttle. 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated vehicle | Engine speed, Intake manifold Fraction of time 
speed, mph rpm vacuum, in. Ha in mode 


Mileage per cycle = 90 miles. 
Total mileage accumulated over 40 hour break-in period = 1,440 miles. 


TABLE 3... FUEL ANALYSIS 


PU NG ire: < wiesets. we pate alectae Seek cc teen tinie 7718 
Research:,OGCCane 1NO. <2s sass cd ace we ace arene 91.8 
Motorvoctane NOs occ. 4 ced ucier Soni nese 84.0 
SHCCIPIC GraVItY scx locas soy be tens ae OIA 
API gravity, degrees.................. 65.9 
Distillation, °F: 
1 Det: CvapOratedi..00sc240c0ues ccs 123 
50 pct PTS ee ee ee 209 
95 pct Be et ersecy aang. sera 402 
100 pct Sis Scuaire oe auae ares oe 413 
Reid vapor pressure, pSi.............. 11326 
FIA analysis, pct: 
AVMOGENCS < Siu sariewyd gga e. teem how4e4 9 
OTE TING ss veosidewdebanes Hodes nase 15 
Pabaeit Sec unter ox cin see or eres 76 
SU FURS DCUs.n5so.cane st aerse ea eee Denes 0.016 
Lead. ‘grams: per gallon. os. 4-.02.4 00% Trace 
Hydrogen/carbon atomic ratio.......... 2.038 
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FIGURE 1. Brake Specific Fuel Consumption, Torque, and 
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Open-Throttle--Ford 390 CID Truck Engine. 
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FIGURE 3.  Air-Fuel Ratio Versus Power at 
Various Speed and Load Conditions-- 
Ford 300 CID Truck Engine. 
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at Various Speed and Load Condi- 
tions--Ford 300 cID Truck Engine. 
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